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(54) SEMICONDUCTOR LIGHT-EMITTING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor light- 
emitting device, which has full reliability in practical use, when 
outputting a high light output of GaN-based blue- violet laser. 
SOLUTION: In the semiconductor light-emitting device, the 
position of the active layer is made different from the position 
which providing maximal light intensity distribution. As a result, 
since the maximal position of the light intensity distribution is 
shifted from that of the active layer, optical deterioration of 
the active layer can be suppressed. 
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isa#£ i j i rxw^z^ttrnmik 1 1 1 - vmt 

■*'Afe*££*Wtt&-r*SftWK I I I -VSHbS* 
[fS#Jl2] fiH4JB£#5 I nJEC*-£*frftffcfc5R I 
^<fc4&£ I I I -Vj£fc^¥W#cfc 19 fc/h3fcB*W 

zft-tzmmmi i i -v«efc**^**«:*^-r k 

[f§*>S3] ?££y§i:fc£ I nfl[?-*fttrKfcMK I 

ttmwzki 1 1 -vm{k&m¥m&±*) h'b&ttmvx 

[fS*3i4] fis&MtttZ I nJBF^^tf^fc^ I 

MMbftx 1 1 1 -vm{k&to*m#£ h'htstzmm 

So 

[ia*J£5] EH£^£ft5 I nK»^fc«tfSHb*3fc I 

go 

tzljoytM* b'Mti'J>t£< t t>lnJjK?*$trftfl4fttiK I 



[1**19] ^»(*:«)tlieSr«®-rSSK35^IWx 
I I -vm&m*mrZftfo*frXl£'Q, &o| n GaN 

■r sia*^ 7* ten s 
I000U 

[0002] 

<t#V<?J* (GaN) ^tf>I I I -V»|{b^#**** 

m*<Dmftmmi&Mz?ft>frx\,^ 0 

10003] "^l:, Z(0&1tm*<nmtem\zn\nGa 
NizR&2thZ£ 0* I n«r*tf»k«U^ I I I 

IOO 0 4] InGaNt^ I nia^^— i4(C0V>T, 1^1 
<0^^tlc TApplied Physics Letters, Vol.69 (1996) p 
p.2701-2703j ^$>6o Z<O^XXtt, GaUk\nN<D&T 

«#e»«g£U n|a^^i-6lnGaN^ B 
25^tC< ^Ci:$:S^^^UTV> < 5 <) *fc, InGaNfif 
nM^- («5^Bt) ^GaN^U-1f(0^ 
l-S.i^J^§{cov>T, ^2 (Di^^tlc: r Applied Physic 
s Letters, Vol.76 (2000) pp.22-24 J #$>5o 
^tT'tt, InGaN^^OI nj^^#^#feu~-tf^ 

[0 0 0 5] lnGaNfi&tt»<D3t*»*^^raL 
T, %$3<Dd&$:\z r Applied Physics Letters, Vol.72 
(1998) pp.3267-3269j CC0^^X*l±. GaN^ U 

— 9 WnGaUfmm tiWK&AKttt* < 1tm&X£ikT 
6:t^tr^5c $^>l-, InGaN^r^ii^^-rSGaN 

j&is-Vto&ivmmkisX* m4<o&x\z fAppiiedPh 

ysics Letters, Vol.77 (2000) pp.1931-1933j 
[0 0 0 6] &±.<DZ\h%*Hter*h* InGaN^S^) 



^oT^^_b^.-^5^v>9iE«a^^t), htz 
**t**©»flS^y * A(GaAs)^¥*£#W— ?<Dt8m£ 
4b~?HIIf <h & o fcCOD(Catastropic Optical Damage)^ 
J: 9 ***««3&$lnGaN»ttJB-e«^-t-5 t Miail^ix 
60 w^GaN^L— iffi&^f^^3t®i|XtwB§bT> USE 
#J k LT & 5 O^^ttc r Journal of Materials Researc 
h, Vol.14 (1999) pp.2716-2731j U— if££ 

[0 0 0 7] LfctfSoT, GaN^U— tHcfc^Tii&ftffi 

^±icj$j-<b-*-5c: tn&mizmm-e*>z* 

[0 0 0 8] 

[«^35«»^bJ:9 ^SMB] ^r-C. **iEtt> Ga 

a ft t) k-t * c t £ e & t t a o 

[0 0 0 9] 

[00 1 o] mi<D*m{*xfcmm\z£z>k* itmtft 
[0011] to2<D¥uu*mtmmz£z k 

[0012] *&m\zmzm3<o*mfr&ytma±. m 

[00 1 3] m4<D*mfrftit$im:\z±z>b. k 
6 r <t aspniB^fts. 

[0 0 14] ^^lc^6^5<0^^)t^Sfi: x fifi 



(3) #m 2002-299768 

lofiH4iO)tm^^«t5 r <h ftt ortgl ^ ft 5. 

[00 1 5] men^mft&Kmmzxzt. mm&s 
ftftxi 1 1 -v^«5¥»*-eM$nr*J!5, <& 

g&(N^<D ft^ft ££M "C £ lo^iti (7) #^ffj&Mb£ 
fliiWrsr: &*t?TKtcft*. 

[0 0 16] ^^tc^6^7<7)^^^gtcj:5 

BtWItSIS^ibWifc^W Kg#'>ft< i: 
fclnfiR*£*tf»b4&3fc I I I -VKfis^M^ttttrxrfl 

[0017] m s o*»{«6ft*iBtt, iwraa<D @ &^$ri^ 

£B*«JBi-*»£a>fcJ*nfc;frO)fe#^ Kg3&S'>ft< 
£ t>ln©^«r*tf»b4fe^ I I I -VWfc*»*t#t 

w t ft < , *S**»*<0*^:ttll3ft$«rSB)t^ K^lc^ 

- k as pfUglcft 60 
[0 0 18] ^^tc^^^9^^W^)t^e^j:-5 

^^)t^B^^^5St5^^8tixyc*-cD)t^>r KJ§ 
i^>ft< tlnJ^^^r^tf^b^ I I I -V^«i 
^{^X^^^JXT^O, jao|nGaN^<hGaN^^>j© 
&*mi£kte^X\<^Z>^k$:¥fWki-Z 0 Z<om&. f$! 

*^*»*o»*ffiBiSWSE*^>f vm\^w<f 
<b«:ffli«-t-srt^prggtcft6o 

[00 19] 

[0020] auTv *ftm<D&i<Dm&&mc£z*m 
^^mm<D^m^^^xm^^^mu^hWim^ 
5. 

ioo2i]@i (a) - (1) n*m&mmz.mz*m 
&&ftmm<D&j&x&<Di:®m(Dmffimf£&^vx^ 
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ufcSte 1 1 $tmovpe^s (ia^-fr-r) oas^o* 

fcfcft&EEJ]ti> 3 0 OTorr<1Torr=1 33.322Pa)<Dzk ift# 

m^t u iio o^z&xg-uvxm&i 1 1 

[0 0 2 2] ®1 (a) fc*c*M:5fc % 

5mmol/min<^hy^^vU;tfy' ?A (TMG) ftlftftft' 
7.5Umin£>T>^e~T (NH*) ^rt!)7^ 

VhHT^y (Sihi.) ^t)»lt, ff$^lft4 
mm "CSi^M^ftftd^i 1 Q n cm*<D n MGaN J: *) fc5 

TA-^-r^ (TMA) t>^L/^P>. P?£a^0.7mmT 

XOO nmTSi^Jft#5&*a 5 ift1 1 0 ,8 cm 5 tf>ng!GaN X K) 

55 It, hy^Wy^^ (TMI) tTMG^r^UX 
^^^3nm^lnotGa 09 Nct 0^-53IS^^F (3 

^ft^iB&Srjft l o o ot(:iT#i&L#t V TU*Z 

ns<^9*s=--A^?>f**s*?J* (Cp 2 Mg) ^Srtfci&L 
fft£ri5jft2 OnmTMg^F*fe#>££^5 10 ,7 cm 3 
<DpM Alo,sGao«N <fc *) fcS*-* 1 6 Z&L&Z 

J^l-s J?£rt*i£U 5 Onm-CMg^F^^25M 10 
'WtopS GaN* 9 2 KJB 1 7 

£*5 0 «l^"C\ ^$^0.7mm-CMg^Fl^^iS^5 10 
"cm *<0 p MAIo oTGao «N J: 9 <c 6 p & ? 9 y KJg 1 
8^^^-fr6o I? 2#jft0.1 mm "CMg^«*»* 

10 lB cm 3 <Dp^GaN<t «9^6pM=« M19 

[0 0 2 3] ri»»T*. HI (b) \C^-t±?\C^ R 
Jttf^fc&tRl lSr&OttiU P l3^^^i9(0 

T, pS^!/** hMl 9<D±\z±ffi\cfrtz^xm&& 
^J0.1mmcozi^k>y =*>- (SiO) £9fe5IMUR2 
0 

[0 0 2 4] fcfc* 01 (c) Id^-fJ;?^ Xfc^h- 
£JSl>TgMfc^2 0OJi(C^®|^/coT hH2 



l^r^-r^o «V"C* ®1 (d) \^-t±?\z^ ?* 

B^2mmT^5 0 Ommfc* 5/^tf>* h v-T^cOU^X 
Y'<9-^$:J&ffctZ>. fcic, 01 (e) «c^i"J: 5 
fc. ^^-y^^^aTMl2 0i: 

fffcoT«fl«2 0£te*rS££fc<fc9, ^hv>r^ 

[0 0 2 5] m^X. @ 1 (f) iC^-fct 9 IC, 

»i-«t0SHfcBt2 o_L<duv?* h 2 i*fife*ufc«, fflr. 
$&1M'<* — >tWjgL£ti1tmSL 1 1 tf>3c®£ Vy4 

KJg 1 8^ K^^:y^>^LJ^ttjft3 Onm 

[0 0 2 6] HI (g) \Z^-rXo\Z^ ZT=7X-* 

T, Jf^^o. lmm^Si02i«9^6^b^2 2$rit« 
[0 0 2 7] mi (h) tC^-TJ; 9 (C. m&tiit 

^^ICioT^IDXL, nln^^ YM 1 2$rfiiai^-fr 

[0 0 2 8] mi (i) (c^J:9^ aa«J:») ' 

[0029] ^tc N mi (j) tc^-TJ:p^ nmu 
fcnSay^r^ Ml 2 <7)_LffiK:Ti/AI J; 9 t£ZnWW& 
2 3^M«o ^fc, pS=»^^^ 1 9<D±cBlCN 

> (Tia) <t ^^5it5Rtt3~h$rjte-To ^fc, ifcJgSS 
§117 5 OmmMi: L/c 0 

[0030] mi <n>nm£W&s lo—vmTttmzziT 
[0 0 3 i] ^Hite^litciijf^Kufcu— if^tt. 

1 5 1 <0)t^>T K114i 

m 2 (T^t^-T K117t ©OTi«^»-e*> 9 x f& 2 <o 
tt>tM K^l 7<7)^^j|[^ipvNfl|^^ 0 xv^S 0 CI 
O/c^. J: «9 1 5 3fi^*^Ufc*«>SI 

^^frt:, ^2<D3t^ Kgl 7{|flKt^-^$rt>oJ&-e 

zffi-tkmm&micmv* i,z^mnffi\*4 omA. *o* 
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m?33 omw^-^)tai^*^K^w^ofco 04i- 
[0033] jwhw^lt* mi<D\s—*mm 

K*5l^\ »1 KJB1 4*5j:0 c »2O*^>f K 

SI 7 0>^J££ HI^IO OnmtC&ff-LTb U~?f**" 

ff"C*>ofc»^-C<>. flH±«l 5<D±\ZhZpMMGaN 
y>0g 1 6 IwJ: 9 % 3t03»«4>*li«i4Jl 15iH 
KS1 4<W-Ctr— ^«rfco*»«53t^>f 
K*HS£ft5. Lri>Lftasib. laiOgfitJliffi^ 
lc )t^^co ^ frfffc-t 5 fc tf> lc ^A^r -r y 

[0 0 3 4] EB4«sJ:uai 7 oftMttMR0>J*Jbft>e>* 
GaN^ I— -tfco^b^filnGaN^^^^^fir^^^ < & 
»L-Cfc»K ft^mitm K«iS(c-r$di:lcJ:«5inGa 

[0 0 3 5] (fB260||jffi^J|) £AT. *%mcom2<D 
[0 0 3 6] £*T. **WOK2CO**J^filCj:S^* 

[0 0 3 7] 08tt*lljte^«g^6^aj[(*«^iaco 
1\ 2-r -yttJXWPr^T i945SK5 i<o^ 

&5 l£MOVPE$e© (H^-fr-n *>BU&Ftia>tt79 
3 0 OTorrOTK^#ia^ t U i&^&fa 110 

[0038] rk\c s &fc&z$osoo'K:\z*x-fet&^tz 

'ik, mfcS 1 _b(C, 0t&*2 5mmol/min<£> h y > 



VVJ* (TMG) «**^7.5LAninOTV*=ir (N 

Ha) iSxh. **VT#xt^x*3ik&mmzm8i- 
5wfclcJ:*K »£#ft2 OnmOGaNct 9ftSfi&/<^ 

^Ii6 5 00t^5o Jl^V^X. SS^»1 0 0 0t 
fc*-ClMfiU nIK-/^hat->7V (SiH.) # 
xt«|ftLT, *S3ftS»4mm-eSi^FI«feaK^ni 10 
"cm^nffiGaNJ: ^iSnSn^^ h/§5 2 «rj«« 

hy^f/U7;W^^»>A (TMA) 
LftdSfc, ff$34ift0.7mni"es|5Ftt»»*iS5 lO'W 
CO n MAlo o/Gao »iN <fc 9 ft 5 nl^ 7 5> KJg 5 3^ 
S^^5o m*x* 0 0nm-eSi^tt«»*3ftS 

ft 1 1 0 ,8 cm s ^DnMAIo o*Gao 9.N 

^Ki5 4*«fiS*fcft, ^Sr^8 OOrid^-CP^ 

f/i-fy^^A (TMI) £TMG£!fci|&LTJlC£a5ft3nm<£> 
lnaL,Ga«NJ:?)3te6Si*^#F (3JB) fcJ?£a*fc)9n 
m<DGaN'< y TJ§ (2/g) a><bft *Mft?-#F&H±JI 5 

o oti^f#aL^t y 7#x&2tmfrt>7km\zmL 
^>-^A (cp*Mg) #x&m&\*tttit>* mz&»2 

10 0 nmT-Mg^F*fe^l»^255 1 ! o^cm J ^p^ GaN <fc 9 ft 
6«2(D3t^f>f KS5 7«rj*«*ia:6 0 iff^^ 
^0.7mm-Cl^lg^^^2j55 10Wo p ^Aloa/Gaa 

J? ^ 35^0.1mmT*Mg^^l»*}d5l lO^cm'tOp^GaN i 

[003 9] ^rO^co !f *^«Ht^>f^«¥JBll«rtB 

[0040] ^2 omt^litt; i— if m^#^JcjWT 

[004 1] s«:Xlt»fl|{c «fc 9 Lfc u~1f *^-f± % 
#Mfi^#F«^4S 5 5 £lfctf 3& 1 o^^/>< KJB 5 4 t 

« 2 CDfttf >f Kl5 7t <OiB*f **S^H5-e*> 5.^2 
KM 5 7<D*35Sajf*^SiV«J6J-fto-Cl^ 

X^>9Ut5>4fMc. %W)t$<< KM 5 7<aHctr-*£fc 

nSa^^ hJi5 2— <D#<D«;K£#!ffl-*- 

9ft^M^)t^^ K*3Mr«rs J»fi:Si&tI 

a, ^u-^^mw/Aicfto/Si 0 it^m 
Okzm i o^^fo $^>ic. irji^^Mtc** 
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[0 0 4 2] tfcftKfltLT, 08©l/-f*a 

iCfeV^ W> 1 <0?tlf-{ K® 5 4£> JzT/lg 2 (D^ttf-i K 
/§5 7 co £ £ fclCGaN£ LTH0r*&I^CUl»§tLfc U 
—Fa^fcKfELfc (0 5) . if*?^fc«as 

iw/AT^o^ e ^ comas— 3tffi^iftt$ria6{c^-r 0 - 

<7>w— ^'^(Di: ptc, fgicoft;*/^ K/I5 4£$&2<0 
K/15 7 255RCJS^-C$>o/S:^T^, fi&ttl 
5 5<^±Kfc£p^AlGaN*-r y:r/g5 6tCj;*K ftco 

&&&m±m&m ssin^i ^»t^^ K/g 5 4wx 

3 0mWc0-^W^^^$:^r^o7t o 0 7 [O^jP: 

raknttii:tfc3&^^fl:^tt« ^20 op$m» 

10 0 4 3] 13 7*5*1*131 lOlfM^^COfe^^ 

lnGaN7£&«<7>*&&£te«T£. InGaNft^cO^^ 

*te£»ffl-t-*£fcas-C#5. C<0*:#>, i^tib^GaN^ 

[0 0 4 4] (^3tO^^|i) £*T, *$g^(03g3<D 
HJfc^f&Ko^Tig 1 2$:#^L^^ibfft^-r6 0 

mmmn. GaN^u-iFf^ic^T, &itmt>W¥ft 

[0045] ^t. *&m<nm3<DmMj&t&\c±z*m 
fr<n&&x&v>nm\^^TWTMmi&\% (mi 2) 

[004 6] ^-Ts 2^yWXOf7 7 ^7«t^j: 
2feif>L*:&te3 l£MOVPE3£© (la^^rT) (Dfcfc 
V^T. £tf^f*j££E;^3 0 OTorrc07K^#®^i: U 

a*«rtti 1 ooric^-e^i&LTS^s 

[0 0 4 7] jfclC, KfcfcZfoS 0 OtlC^^tfc 

Sfe 3 1 Jblc, 2 5 mmol/minco h y ;< 

y?A (JMG) ffe££;rtW.5Umin<OT:^~T (N 
Hi) #*ks * J rVT#xtVX*LmtZm*$lZ&j&-t 
ZZt\z£*)^ J?£#jfa2 OnmcoGalsU 

fifeg ^<OB^ V^H^^Ill^)|sfco^ 
*&itte6 5 0 0-CfeS o j&VMT. Kiei^trfti 00 or 
fc*-?#flU niK-^har$/7> (SiH*) # 



^t)MU, J¥^25^4mm-eSi^^gS^l 10 

£i*:£ 0 #CtC. h y ^/UT/l^~->A (TMA) fcfftfc 
Lfcasfc. ff*^»0.7mm-CSI^tt«i»itA$5 10'W 
On^AJo^GaomNct 9 /^nl^ 7 y KJg 3 3M 
S£-t*r£ 0 IK^T* J9$a5ftl 0 0nm-CSi^««««^ 
#)1 10' cm 3 <On3JGaNJ; 9 l <o>t;ff^ KJB 3 4 

*A (TMI) ^TMG*«l&U-CJ9t*3fl^3nm^>lna.GaM 
N<fc*)&5^g^#^ (38) £!¥£aM$9nm<OGaN/<y 
TM (2/g) ^?>«:5*It^Fffitti 3 5 trdtfi^ 
^SJ^^F^co^^i oootlct 
X^^b^^yT^x$r^^(b7K5^^UT. p^K 

(Cp*Mg) #X&m&Vt£&t>, m*&f&2 OnmTMg^ 
^^^^255 5 10 1 cm 3 <OpMAIo 15 Gao«N J: *) ft 6 * 
■f ^^3 6«r^S$-fr6o 0;!-, WM^8 2 0 

ts TMI t TMG&mi& lt»i^3 nmCOInocnGaanN 
J: 9 <C 5 Ift^F (101) <tJ^^^>^j 7 nm^OGaN^ 
VTM (101) ^^6^fWKi3 7^ 

g(ftttl^b*i^ft7 O 0nmT*Mg^^^5 
1 0 ,r cm 3 co p ^Ala w Gao »N <t9^5pi^7^ Ki 

lO^cm^p^GaN^tJ^^pS^v^^ M3 
9£rj£S£-fr5o 

[004 8] -€r<O^CD W-1f*^«jScOf^§!l^ttftW5 

i (o^mmm t mmx-b % . 

[0049] ^3 OUtt^fSli, !f * ^FWtlC^T 

[0 0 5 0] **tt^»^j:ijf^«u*:u--1f*^tt, 
^Iff^F^ 3 5 «r*tf * 1 Ki3 4t 

% 2 <o)t^-r K§3 7i (ojs^t mmttft-e*> ^2 
<^)t^ Ki3 7 <DX&mmmtm^m&iztj:<ix^ 

5 0 ^fc, *2(D3t^>T KJB3 7«rfi*«rftT$*X« 
S^^r^^^tciO. ?Si±l3 5^^lc$^^H5^ 

5^*11, lnGaN^</i^^«J6-ettbry h3ft5^L*W 

[0 0 5 1] CCOtgit (SSI 2) !f»C*5V^ 
T, «WaA^i9faHM 3 5 3&^»^Ufc*03ftft^ 
^Ttt, ^2co)t^^ KJB 3 7 (9JIC t"— ^ iSrtoBf^ 

<t 9 Jd^Slft^co f - ^ ^ p ffiiKcmTf 6 r t Id J: 
0, niny^^ h jg 3 2^)t<OiS*v^«)$firSrt 
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a«t»®wSI0. b£l>{am»i4 0mA. 

— ^ft*f±iw/Aicfto«i. :ot»- *aw»tt*ig i 

^33 0mWO-e*tfi*»4H»**jr4ofc. 0151: 

IO0 5 2 J it«fW^ tT. 01 2<DU-?m 

*C4JV^T, %\V>it*<< KS3 4*5«tt5|B2(03t^-f 
Kg 3 7 0>$rfcfcKGaN£ LT@0r^$:l^ btcffcfh bfc 
^-f^^UffLfc (135) . w^u— FaHF-fc^B 

iii w/A-cfco fc. r om^— *tttfj*$tt$:ia 6 tc^-r c 

/§3 5 0±fcfc*pSAIGaN*-r5/:/Ji3 6(cj:^ 5fc 
oa&##*l4flH±« 3 5 «fc*t>*l KB 3 4 HQ 

01 2<o*^J:9»i?S1±JliS»^*3a«^*<otr- 

-fS^, nln^^ hJg3 2^*aMx3fl*^6fc 
«> v £ (D&ft u-*f^<r> b ^.t *««SEfi 5 mAW£m < 

W^3 0mW^-^:)feai^l^^$r^w^ofc o 0 7 Id 
WRBBfeiff»36^*ft3ft5tt* 9 200^ 

f®'&-?-t"C\zti)mmffi<n 2 teKii tt v * 6 r. £ as*?** 

[005 3] 0 7*5 J; CfBl S^ifitt^^f^ 

lnGaN^feB<Oft#&£<g#-?^ lnGaN7££Ug<5Dfeg,t£ 

WML* 4 K**a*£«-C*>a r <b left*. 
[0 0 5 4] 

[*ra*>»*] **Wtc«S*lco^#<WB*»«rt:. 
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